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Description 

The present invention relates to p-mercapto-propanamide derivatives useful in the treatment of cardiovascular 
diseases and, more particularly, it relates to N-heteroaryl substituted P-mercapto-propanamide derivatives useful in 
s the treatment of cardiovascular diseases as inhibitors of the metabolism of vasoactive peptides. 

The pharmacologic interest towards the study of molecules which, inhibit the metabolism of vasoactive peptides 
derives from the role that said peptides exert on the cardlocirculatory system. 

For instance, among the inhibitors of the metabolism of vasoactive peptides, the so-called NEP-inhibitors and 
ECE-inhibitors hold particular Interest. 
TO In particular, NEP-inhibitors are able to inhibit neutral endopeptidase enzyme (NEP), also called enkephalinase, 

which is responsible for the inactivation, not only of endogenous enkephaline, but also of atrial natriuretic factor (ANF), 
a vasodilator hormone secreted by heart. 

ECE-inhibltors, instead, are able to inhibit endothelin converting enzyme (ECE), which is responsible for the trans- 
formation of big-endothetin into endothelin, a 21 amino acid peptide with vasoconstrictor activity. 

Therefore, both ECE-inhibitors and NEP-inhibitors are useful in therapy in the treatment of hypertension, renal 
failure and congestive heart failure. 

The molecule which is considered the parent of ECE-inhibitors is phosphoramidon [N-[N-|I(6-deoxy-a-L-man- 
nopyranosyl)oxy]hydroxyphosphinyl]-L-leucyl]-L-tryptophan]. first isolated as microbial metabolite [Umezawa et aL, 
Tetrahedron Letters, No. 1 , pages 97-100, (1972)] and subsequently studied as inhibitor of the metabolism of vasoactive 
20 peptides [see, for instance, Matsumura et ah, European Journal of Pharmacology. 185 (1990), 103-106]. 

The molecule which is considered the parent of NEP-inhibitors is thiorphan [DL-(3-mercapto-2-benzylpropanoyl) 
glycine], first described by Roques et al. in Nature, Vol. 288, pages 286-288, (1980). 

Several molecules with NEP -inhibitory activity, other than thiorphan, are described in the literature. 

Some of them are chemically related to the structure of p-mercapto-propanamides. 
25 The International patent application No. WO 93/09101 (Fujisawa Phamnaceutical Co. Ltd.) describes p-mercapto- 

propanamides of formula 

00 , j 

X 

I 

Ri -S'A-CHCONH-y-Ra 

35 

wherein is hydrogen or a protecting group; Rg is a tower alkyi or a phenyl optionally substituted by a lower alkylen- 
edioxy; Rg is tetrazolyl. thiazolyl or thiadiazolyl optionally substituted by acyl or acyl-lower alky! groups; A is a lower 
alkylene; X is a lower alkylene or S and Y is a single bond or a lower alkylene. 
These compounds are NEP-inhibitors. 
40 The European patent application No. 0361365 (E. R. Squibb & Sons, Inc.) describes p-mercapto-propanamkJes 

of formula 



45 



0 

I I) 

Ra-S-CHa-CH-C-NH-X 



wherein R^ is, among others, hydrogen, alkyI, haloalkyi, aryt or arylalkyl; X is a phenyl or a cyclohexyl, substituted in 
so 3 or 4 by a COORg group; R2 is hydrogen. alkyI, benzyl, benzhydryl, etc.; R3 is hydrogen or acyl. 
These compounds are NEP-inhibitors. 

The European patent application No. 0364767 (Sobering Corporation) describes p-mercapto-propanamides of 
formula 



55 
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0 0 



II I II 
R, -S-CHa-CH-C-N-A-C-R3 



(CHa)n 



wherein R-t is hydrogen or acyl; R2 is aryl or heteroaryl; -COR3 is a carboxyfic, ester or amide residue; n is 0-3; R4 is 
hydrogen, aikyi or arylallcyl and A is a group selected among optionally substituted phenyl, naphthyl, diphenyl, phe- 
noxyphenyl, phenylthiophenyl, phenylmethylphenyl and pyridyl. 

These compounds are able to potentiate the anti-hypertensive and natriuretic action of endogenous ANF and are 
useful in the treatment of congestive heart failure and of hypertension. 

Other examples of the compounds known in the literature, which are structurally related to the class ot p-mercapto- 
propanamides, do not present instead an activity on the cardiocirculatory system, but in general on the central nervous 
system. 

The European patent N. 0110484 (SIMES Society Italiana Medicinal) e Sintetici S.p.A., now Zambon Group S.p. 
A.) describes, among others, ^mercapto-propanamides of formula 



wherein 2 is hydrogen, alkyi, halogen, alkoxy; Ri is hydrogen, alkyi, arylalkyi, aryl; Rg is hydrogen, alkyi, arylaikyi; R3 
is hydrogen or acyl; R4 is hydrogen or alkyi. 

These compounds are useful as analgesics, anti-hypertensives, for the treatment of drug addiction and of psycho- 
logical disturbances. The European patent application No. 01368B3 (E.R. Squibb & Sons, Inc.) describes mercapto- 
alkanoyl and acylmercaptoalkanoyi compounds which possess enkephalinase inhibition activity and are useful as an- 
algesic agents. 

The European patent application N. 0115997 (Roussei-Uclaf) describes, among others, p-mercapto-propanamides 
of formula 



wherein R^ is hydrogen or acyl; Rg is. among others, hydrogen, optionally substituted alkyi, aryl or arylalkyi; R3 is a 
heterocycle selected among thiazolyl, 4,5-dihydrothlazolyl, pyridyl, oxazolyl, isoxazolyl, imidazolyl, pirimidyl, tetrazolyl. 
benzimidazolyl, benzothiazolyl or benzoxazolyl optionally substituted by alkyi or R3 is a phenyl optionally substituted 
by a radical selected among alkyi, alkoxy, hydroxy, nitro, halogen, trifiuoromethyl. carboxymethyl, alkoxycarbonylme- 
thyl, arylalkoxy, amino, monoalkylamino, dialkylamino. 
These compounds are useful as analgesics. 

The European patent application N. 0280627 (Roussel-Uclaf) describes a-mercaptomethyl-benzenepropana- 
mides of fomnula 



COORn 




R3 0 
I II 

Ri-S-CHa-CH-C-] 



•NH-R, 



EP 0 636 621 B1 



so 



O 
II 

-S-CHa-CH-C-NHRa 

to wherein is hydrogen or acyl; X and Xi are hydrogen, alkyi, all<oxy. hydroxy, halogen or trifluoromethyl; Rg is pyrro- 
lidinyl, morpholinyl, piperidinyl, piperazinyl, tetrahydrothiazinyl or hexahydroazepinyl optionally substituted by one or 
more alky I, alkoxy, hydroxy, nitro, trifluoromethyl. acyl groups and halogen. These connpounds are endowed with an- 
algesic, psychotropic, antidepressant and anxiolythic activity. 

The European patent application N. 0318859 (Dainippon Pharmaceutical Co. Ltd.) describes p-mercapto-propan- 

^5 amides of formula 

I 

20 U CHa 0 

I i II 
-CH-CH— C-NH-X-Rs 

wherein Rt is a SH group or a biological precursor thereof; W is hydrogen, alkyI or arylalkyi; Rg is aryl, heterocycle or 
25 alkyI, optionally substituted; X Is a cycloalkylene, cycloalkylidene or a phenylene, optionally substituted or fused with 
another ring; R3 Is a carboxyl or a biological precursor thereof. 
These compounds are useful as analgesics. 

We have newfound ^-mercapto-propanamides derivatives N-substituted by a 5 membered heterocycle which are 
endowed with a remarkable NEP-inhibrtory activity and ECE-inhibitory activity. 
30 Therefore, object of the present invention are p-mercapto-propanamides of formula 

CH3 ~Rn 
I 

35 R-CHa-CH-C-NH-Het-(CHa)r*-Ra (1) 

1! 
0 

wherein 

40 

R is a mercapto group or an R3COS group convertible Into the organism to the mercapto group; R3 Is a C.,-C4 alkyI 
group; 

Ri is a hydrogen atom, a phenyl group or a 5 or 6 membered heterocycle containing 1 or 2 heteroatoms selected 
among nitrogen, oxygen and sulphur, optionally substituted by one or two groups selected among C^-C4 alkyI or 
^ alkoxy groups, hydroxy, halogen and trifluoromethyl groups; 

R2 is a carboxylic group or a COOR4 or 



I 

CON-R^ 



group convertible into the organism to the carboxylic group; R4 is a C.,-C4 alkyI group or a phenylalkyi having from 
1 to 4 carbon atoms in the alkyI moiety; R5 and Rq, the same or different, are hydrogen atoms, C-,-C4 alkyI or C^- 
55 Cj cycloalkyi groups; 

n is 0 or 1 ; 

Het is a 5-membered heterocycle of formula 



4 
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o 

wherein X is an oxygen or sulphur atom or an NH group; R7 is a hydrogen atom, a C-1-C4 alkyi group or a phenyl 
optionally substituted by C1-C4 alkoxy groups; 

10 

and their pharmaceutically acceptable salts. 

The compounds of formula I have at least an asymmetric carbon atom and may therefore exist In the form of 

stereoisomers. The compounds of formula I in the form of stereoisomeric mixture as well as in the form of single 

stereoisomers are object of the present invention. 
ts The compounds of formula I are endowed with both NEP-inhibitory and ECE-inhibitory activity and are useful in 

the treatment of cardiovascular diseases such as hypertension, renal failure and congestive heart failure. 

In the present description, unless othenwse specified, with the term CyC^, alky I we intend a straight or branched 

C1-C4 alkyI such as methyl, ethyl, n.propyl. isopropyl, n.butyl, isobutyl, sec.butyl and t.butyl; with the term C5-C7 cy- 

cloalkyi we intend cycfopentyl, cyclohexyl and cycloheptyl; with the term C^-C^ alkoxy we intend a straight or branched 
20 CyC^ alkoxy such as rriethoxy, ethoxy, n.propoxy, isopropoxy, n.butoxy, isobutoxy, sec.butoxy and t.butoxy. With the 

term 5- or 6-membered heterocycle containing 1 or 2 heteroatoms selected among nitrogen, oxygen and sulphur we 

Intend a heterocycle preferably selected among thiazole, oxazole, isothiazole, isoxazole, pyrazole, imidazole, thi- 

ophene, pyrrole and pyridine. Preferred compounds are the compounds of formula I wherein R is a mercapto group 

or an R3COS group wherein R3 is methyl; R2 is a carboxylic group. 
25 still more preferred compounds are the compounds of formula I wherein R is a mercapto group or an R3COS group 

wherein R3 is methyl; R2 is a carboxylic group; R-, is phenyl or pyridyl, optionally substituted by a C1-C4 alky! or alkoxy 

group or by a halogen atom and Hat Is a heterocycle of formula 

30 S-7 

o 

35 

wherein X is an oxygen or sulphur atom or an NH group and R7 is a hydrogen atom. 

It is evident that the compounds of formula I, wherein R is an R3COS group convertible into the organism to the 
mercapto group or R2 is a COOR4 or 

40 

R» 

1 

CON-H* 



group, convertible into the organism to the carboxylic group, are biological precursors (pro-drugs) of the corresponding 
compounds of formula I wherein R is a mercapto group (R=SH) and Rg is a carboxylic group (R2=COOH). 

The preparation of the compounds of formula 1, object of the present invention, is carried out by reacting a derivative 
of the p-mercapto-propionic acid of formula 



CHa^R-. 

R-CHa-CH-C-Y CII) 

11 
0 
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10 



wherein R and have the above reported meanings and Y is a halogen atom, preferably chlorine or bromine; and a 
compound of formula 

H2N-Het-(CH2)„-R2 (III) 

wherein R2, Het and n have the above reported meanings; 
in a suitable solvent, in the presence of a base; followed by optional hydrolysis. 

Preferably the intermediates of formula II and III are used in a protected form (R^RgCOS and R2=COOR4 or 

I 

CON-R*) 

IS 

affording thus the corresponding compounds of formula I wherein R=R3COS and R2=COOR4 or 

R. 

20 I 

CON-R* 

from which, by hydrolysis, the compounds of formula I wherein R=SH and R2=COOH are obtained. 

The compounds of formula II are known or easily prepared according to conventional methods (see for instance 
25 the British patent n. 1576161 in the name of Squibb E.R. & Sons Inc.) from the corresponding acids of formula 

CHa~Ri 

30 I 

R-CHa-CH-C-OH (IV) 



wherein R and R^ have the above reported meanings. 

Also the intermediates of formula III are known or easily prepared with known methods. 

For a bibliographic reference to the preparation of the compounds of formula III see for instance Michel Sy et al., 
Bull. Soc. Chim. Fr.. 1276-1277, (1963) and Moses Lee et aL, J. Org. Chem.. 53. No. 9, 1855-1859, (1988). 

The compounds of formula I in the form of single stereoisomers are prepared by stereoselective synthesis or by 
separation of the stereoisomeric mixture according to conventional techniques. 

The compounds of formula I are active as NEP-inhibitors and EC E -inhibitors and are useful in the treatment of 
cardiovascular diseases such as hypertension, renal failure and congestive heart failure. The NEP-inhibitory activity 
of the compounds of formula I was evaluated by means of in vitro tests as percentage of inhibition in the formation of 
[3H]-Tyr-GIy-Gly, a metabolite of pH][Leu5]-enkephatine (see example 26). 

The inhibitory activity, expressed as ICgQ (nM), of the compounds of formula I resulted to be substantially compa- 
rable with that of the reference compounds. 

Thiorphan, the compound N-(3-carboxyphenyl)-3-mercapto-2-ben2yl-propanamide, described in the aforemen- 
. tioned European patent application No. 0361365 (E.R. Squibb & Sons, Inc.) and the compound N-(4-carboxymethyl- 
2-thiazolyl)-3-mercapto-2-benzyl-propanamide, described in the aforementioned International patent application No. 
WO 93/09101 (Fujisawa Pharmaceutical Co. Ltd.) were used as reference compounds (see table 1). 

The ECE -inhibitory activity of the compounds of formula I was evaluated by means of in vitro tests for the inhibition 
of endothelin fonmation and resulted to be significantly greater than that of phosphoramidon (see example 26). 

For the practical use in therapy the compounds of formula I can be formulated in solid or liquid pharmaceutical 
compositions, suitable for oral or parenteral administration. 

Therefore the pharmaceutical compositions containing one or more compounds of formula I, as active ingredient, 
in admixture with a carrier for pharmaceutical use are a further object of the present invention. 

Specific examples of the pharmaceutical compositions according to the present invention are tablets, coated tab- 



45 
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lets, capsules, granulates, solutions and suspensions suitable for oral administration, solutions and suspensions suit- 
able for parenteral administration. 

The pharmaceutical compositions object of the present invention may contain one or more compounds of formula 
I in association with other active ingredients such as for instance ACE-inhibitors. The pharmaceuticar compositions 
s object of the present invention are prepared according to conventional techniques. 

The daily dose of compound of formula I will depend on different factors such as the seriousness of the disease, 
the individual response of the patient, the use of biological precursors and the kind of formulation but it is usually 
comprised between 0.1 mg and 50 mg per Kg of body weight in a single dose or divided into more daily doses. 

With the aim of better illustrating the present invention the following examples are now given. 

10 

Example 1 

P reparation of N-f 2-ethoxvcarbon vl-4-thien vO-3-acetvlth io-2-ben2vlpropanamide (compound 1 ) 

?5 3-Acetylthio-2-benzyl-propionic acid (2. 9 g; 1 2 mmoles) and dimethylformamide (3 drops) were dissolved in thionyl 

chloride (3 ml). 

After 1 6 hours at room temperature the solvent was evaporated under vacuum and the residue was collected twice 
with toluene (10 ml), evaporating to dryness each time. 

The obtained oil was dissolved in toluene (30 mi) and the solution was cooled with ice. Then a solution of 4-amino- 
20 2-ethoxycarbonyl-thiophene (1 .8 g; 10.5 mmoles) and triethylamine (1 .69 ml) in toluene (37 ml) was added dropwise. 

After 5 hours under stirring at room temperature, the reaction mixture was diluted with water (30 ml) and extracted 
with ethyl acetate. 

The organic phase was dried on sodium sulphate and the solvent was evaporated under vacuum. 
The oil was purified by chromatography (silica gel, eluent n.hexane: ethyl acetate=7:3) affording N-(2-ethoxycar- 
25 bonyl-4-thienyl)-3-acety[thio-2-benzyl-propanamide (1 .4 g; 32.2% yield). 

^H-NMR (200 MHz, CDCia): 5 (ppm); 1 .35 (t, 3H); 2.32 (s, 3H); 2.68 (m, 1 H); 2.85-3.30 (m, 4H); 4.32 (q, 2H); 7.20 
(m, 5H); 7.46 (d, 1 H); 7.69 (d, 1 H). 

Example 2 

30 

Preparation of N-(2-carboxv-4-thienvl)-3-mercapto-2-benzv{-propanamide (compound 2) 

A solution of N-(2-ethoxycarbonyl-4-thienyl)-3-acetylthio-2-benzyl-propanamide (1 .35 g; 34 mmoles), prepared as 
described in example 1, and sodium hydroxide (0.407 g; 10.2 mmoles) In water (5.76 ml) and methanol (14 ml) was 
35 kept under stirring for 16 hours at 20*0 under nitrogen. 

Methanol was evaporated under vacuum and the mixture was acidified with diluted hydrochloric acid to pH about 4. 
After extraction with ethyl acetate, the organic phase was washed with water and dried on sodium sulphate. 
By evaporating the solvent under vacuum an oil was obtained which crystallizes from methylene chloride:hex- 
ane=1:9, affording N-(2-carboxy-4-thienyl)-3-mercapto-2-benzyl-propanamide (0.43 g; 39,4% yield). 
40 m.p. 174-177'»C 

1 H-NMR (200 MHz, DMSO-dg): 5(ppm): 2,32 (t, 1 H); 2.53-2.92 (m, 5H); 7.11-7.30 (m, 5H); 7.62 (d, 1 H); 7.70 (d, 1 H). 
Example 3 

45 Preparation of N-(2-ethoxvcarbonvl-4-pvrrolvn-3-acetvlthio-2-benzvl-propanamide (compound 3) 

By working In a way similar to that described in example 1 but substituting 4-amino-2-ethoxycarbonyl-thiophene 
with 4-amino-2-ethoxycarbonyl-pyrrole, N-(2-ethoxycarbonyl-4-pyrrolyl)-3-acetylthio-2-benzyl-propanamidB was ob- 
tained (56.6% yield). 

50 1 H-NMR (200 MHz, CDCy: 5 (ppm): 1 .30 (t. 3H); 2.32 (s, 3H); 2.66 (m, 1 H); 2.80-3.30 (m. 4H); 4.27 (q. 2H); 6.52 

(dd, 1H); 7.22 (m, 5H): 7.37 (dd. 1H). 

Example 4 

55 Preparation of N-f2-carboxv-4-pvrrolvl)-3-mercapto-2-benzvlpropanamide (compound 4) 

By working in a way similar to that described In example 2, after chromatography on silica gel (eluent CHgClg: 
CH3OH:CH3COOH=90:10:1) and crystallization from CH2Cl2:hexane=1 :2, N-(2-carboxy-4-pyrrolyl)-3-mercapto- 
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25 



2-benzyl-propanamide (4.93 g; 46.3% yield) white crystalline solid was obtained, 
m.p. 169-172**C 

1H-NMR (200 MHz, DMSO-dg): 5 (ppm): 2.22 (t. 1H); 2.55-2,94 (m, 5H); 6.56 (dd. 1H); 7.11-7.30 (m. 6H); 9.84 
(bs. 1H): 11.41 (bs, 1H). 

Example 5 

Preparation of ethyl 2-ethoxvcarbonvl-3-{3-pvridvlVpropionate 

Diethyl malonate (10.176 ml; 67.1 mmoles) was added dropwise to a solution obtained by dissolving metallic 
sodium (1.543 g; 67.1 mmoles) In anhydrous ethanol (20 ml) heated at 50*C, 

The solution was kept under stirring at SO'C tor 30 minutes and then cooled at room temperature. 

3-Chloromethy!-pyridine (5 g; 39.2 mmoles) was added dropwise and the reaction mixture was heated under reflux 
for 90 minutes. 

After evaporating the mixture under vacuum, the residue was collected with ethyl acetate and evaporated to dry- 
ness. 

The obtained crude was purified by silica gel chromatography (eluent hexane:ethyl acetate=1:1) affording ethyl 
2-ethoxycarbonyl-3-(3-pyridyl)-propionate (4.83 g; 49% yield). 

1H-NMR (200 MHz, CDCIg): 6 (ppm): 1.18 (t, 6H); 3.19 (d, 2H); 3.60 (t. 1H); 4.13 (q, 4H); 7.12-7.21 (m, 1H); 7.51 
(dt, 1H); 8.41-8.47 (m, 2H). 

Example 6 

Preparation of 2-carboxv-3-(3-pyridvO-propionic acid 



A solution of potassium hydroxide at 85% (96.8 g; 1 .47 moles) in water (300 ml) was added to a solution of ethyl 
2-ethoxycarbonyl-3-(3-pyridyl)-propionate (1 68 g; 0.668 moles), prepared as described in example 5, in dioxane (1 680 
ml). 

The reaction mixture was kept under stirring at room temperature for 4 hours. 
30 The reaction mixture was then neutralized by adding hydrochloric acid 1 2 N (1 22.5 ml) and evaporated to dryness 

under vacuum. 

The residue was collected with ethanol (4x750 ml) and the mixture was kept at boiling temperature before filtering 
off the precipitate. 

The solution was evaporated to dryness under vacuum and a crude product (128 g) was obtained which, crystallized 
35 from ethanol (1000 ml), afforded 2-carboxy-3-(3-pyridyl)-propionic acid (93.5 g; 72% yield), 
m.p. 128-129<*C 

"•H-NMR (200 MHz, DMSO-dg): 5 (ppm): 3.40 (d, 2H); 3.64 (t, 1H); 7.26-7.33 (m, 1H); 7.67 (dt, 1H): 8.37-8.43 (m. 

2H). 

"^0 Example 7 

Preparation of 2-{3-pvridvlmethvl)-pfopenoic acid 

An aqueous solution 7.9 N of dimethylamine (2.28 ml; 0.018 moles) was added at ICC to 2-carboxy-3-(3-pyrldyl)- 
45 propionic acid (3.5 g; 0.018 moles), prepared as described In example 6. 

The reaction mixture was cooled at Q°C and formaldehyde (1.48 g; 0.018 moles) was added dropwise. 
At the end, the reaction mixture was kept under stirring at room temperature overnight. 

By evaporating to dryness under vacuum and by heating the obtained residue at 1 25° C under vacuum for 4 hours, 
a crude was obtained which, chromatographed on silica gel (eluent CH2Cl2:CH30H:CH3COOH= 90:10:1), afforded 2- 
50 (3-pyridylmethyl)-propenoic acid (1 .8 g; 61 .3% yiekJ). 
m.p. 101-102*»C 

1H-NMR (200 MHz, DMSO-dg): 6 (ppm): 3.58 (s. 2H); 5.62 (s. 1H); 6.15 (s, 1H); 7.25-7.38 (m. 1H); 7.60 (dt, 1H); 
8.42 (m, 2H). 
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Example 8 

Preparation of 3-acetvlthio-2-f3-pvridvlmethvn-propionic acid 

5 A mixture of 2-(3-pyridylmethyl)-propenoic acid (10 g; 0.061 moles), prepared as described in example 7, and 

thioacetic acid (4.56 ml; 0.064 moles) was heated at lOO^C for 1 hour. 

The reaction mixture was then evaporated to dryness under vacuum and the residue was purified by silica gel 
chromatography (eluent CH2Cl2:CH3OH:CH3COOH=95:5:0.5) obtaining oily 3-acetylthio-2-(3-pyridylmethyl)-propionlc 
acid (10.5 g: 72% yield). 

10 1H-NMR (200 MHz, CDCI3): 5 (ppm): 2.17 (s. 3H): 2.37-2.57 (m, 5H); 6.66 (dd, 1H); 6.83 (dt. 1H); 8.19 (d, 2H). 

Example 9 

Preparation of N-f2-ethoxvcarbonvl-4-thienvl)-3-acetvlthio-2-f3-pvridvlmethvl)-propanamide (compound 5) 

IS , 

A solution of 3-acetytthio-2-(3-pyridylmethyi)-propionic acid (1 g; 4.2 mmoles), prepared as described in example 
8. in thionyl chloride (5 ml) and in the presence of dimethylfomnamide (1 drop) was left at room temperature for 1 2 hours. 

Said mixture was diluted with pyridine (10 ml) and added dropwise to a solution of 4-amino-2-ethoxycarbonyl- 
thiophene (0.65 g; 3.78 mmoles) in pyridine (5 ml). 
20 After 3 hours at room temperature the reaction mixture was evaporated to dryness under vacuum and the residue 

was collected with water (20 ml) and extracted with ethyl acetate (3x20 ml). 

The collected organic phases were dried on sodium sulphate and evaporated to dryness under vacuum. 

The obtained crude was chromatographed on silica gel (eluent CH2Cl2:CH30H=95:5) obtaining an oil which, col- 
lected with ethyl ether and filtered, afforded N-(2-ethoxycarbonyl-4-thienyl)-3-acetylthio-2-(3-pyridylmethyl)-propana- 
2S mide (0.57 g; 38.5% yield). 

1H-NMR (200 MHz. CDCta): 5 (ppm): 1 .33 (t, 3H); 2.33 (s, 3H); 2.72-3.27 (m, 5H); 4.30 (q, 2H); 7.18 (dd, 1 H); 7.52 
(m, 2H); 7.79 (d, 1H); 8.13 (d. 1H); 8.38 (dd, 1H); 9.58 (s, 1H). 

Example 10 

30 

Preparation of N-(2-carboxv-4-thienvl)-3-mercapto-2-(3-pvridvlmethvn-propanamide (compound 6) 

A solution of sodium hydroxide 10.8 N (0.437 ml; 0.0047 moles) in water (5 ml) was added to a solution of N- 
(2-ethoxycarbonyi-4-thienyl)-3-acety[thlo-2-(3-pyridylmethyl)-propanamide (0.57 g; 1.45 mmoles), prepared as de- 
35 scribed in example 9, in methanol (10 ml). 

The reaction mixture was kept under stirring at room temperature tor 12 hours. 

At the end, it was evaporated to dryness under vacuum and the residue was collected with water (10 ml) and 
washed with ethyl acetate. 

The aqueous phase was acidified to pH 4 with hydrochloric acid 1 N and subsequently extracted with ethyl acetate. 
40 The organic phase was dried on sodium sulphate and evaporated to dryness under vacuum; the obtained crude 

was collected with ethyl ether and filtered affording N-(2-carboxy-4-thienyl)-3-mercapto-2-(3-pyridylmethyi)-propana- 
mide (0.1 g; 21.4% yield), 
m.p. 115-118''C 

Mass (Chemical Ionization, isobutane): (M++H): 323 
4S iH-NMR (200 MHz. DMSO-dg): 5 (ppm): 2.57-2.91 (m, 5H); 7.27 (dd. 1H); 7.52-7.63 (dt, 1H); 7.72 (d, 1H); 8.37 

(dd, 2H); 10.39 (s. 1H). 

Example 11 

50 Preparation of ethyl 3 -(4-chlorophenvl)-2-diethoxvphosphinvl-propionate 

Sodium hydride (3.12 g; 0.130 moles) was added dropwise to a solution of ethyl diethoxyphosphinylacetate (37 
ml; 0.186 moles) in anhydrous dimethylfomnamide (150 ml), kept at 0*C under nitrogen atmosphere. 

After 3 hours at a temperature of 0-5'C, a solution of 4-chlorobenzyl chloride (20 g; 0.124 moles) in dimethylfor- 
55 mamide (90 ml) was added at 0*C. 

At the end, the reaction mixture was kept under stirring at room temperature for 48 hours, diluted with water (400 
ml) containing concentrate hydrochloric acid (5 ml) and extracted with ethyl acetate (3x50 ml). 

The collected organic phases were washed twice with water (50 ml), dried on sodium sulphate and evaporated to 
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dryness under vacuum. 

The residue was distilled in Vigreaux column (0.7 nnm Hg; 165*C) obtaining oily ethyl 3-(4-chlorophenyl)T2<JiGthox- 
yphosphinyl-propionate (19 g; 44% yield). 

1H-NMR (200 MHz. CDCI3): 6 (ppnn): 1.13 (t. 3H); 1.33 (t, 6H); 3.05-3.24 (m, 3H); 4.01-4.22 (m, 6H); 7.07-7.23 
5 (m, 4H). 

Example 12 

Preparation of ethyl 2-(4-chlorobenzvl)-acrvlate 

10 

Potassium carbonate (10 g; 0.072 moles) was added to a solution of ethyl 3-(4-chIorophenyl)-2-diethoxyphosphi- 
nyl-propionate (22 g; 0.065 moles), prepared as described in example 11, in formaldehyde (40 ml). 
The reaction mixture was heated under reflux for 4 hours. 

At the end, it was diluted with water (100 ml), extracted with ethyl acetate (3x50 ml), dried on sodium sulphate and 
IS evaporated to dryness under vacuum. 

The obtained crude which was purified by distillation (8 mm Hg; 150**C) afforded ethyl 2-(4-chlorobenzyl)-acrylate 
(8.45 g; 58% yield) as oil. 

1H-NMR (200 MHz. CDCI3): 5 (ppm): 1.23 (t. 3H): 3.58 (s, 2H); 4.15 (q, 2H); 5.44 (d, IN); 6.21 (s. 1H): 7.07-7.26 
(m, 4H). 

20 

Example 1 3 

Preparation of 2-(4-chlorobenzvn-propenoic acid 

2S A solution of sodium hydroxide 12 N (3.8 ml; 0.0456 moles) was added to a solution of ethyl 2-(4-chlorobenzyi)- 

acrylate (8.45 g; 0.038 moles), prepared as described in example 12, in methanol (40 ml). 
The reaction mixture was kept under stirring at room temperature for 24 hours. 

Methanol was evaporated under vacuum and the formed precipitate was collected with water (50 ml); the mixture 
was acidified to pH 2 with concentrate hydrochloric acid. 
30 By extracting with ethyl acetate (3x30 ml), drying the collected organic phases on sodium sulphate and evaporating 

to dryness under vacuum, 2-(4H:hlorobenzyl)-propenoic acid (6.6 g; 88% yield) was obtained, 
m.p. 78-86°C 

iH-NMR (200 MHz, DMSOdg): 5 (ppm): 2.78 (s, 2H); 4.79 (d, 1H); 6.06 (s, 1H); 6.59-6.68 (m, 4H). 
35 Example 1 4 

Preparation of 3-acetvlthio-2-(4«chlorobenzvh-propionic acid 

By working in a way similar to that described in example 8 and by using 2-(4-chlorobenzyl)-propGnoic acid (6.7 g; 
40 0.034 moles), prepared as described in example 1 3, and thioacetic acid (3.64 ml; 0.051 moles), a crude was obtained 
which chromatographed on silica gel (eluent ligroln:ethyl acetatG=1 :1) afforded 3-acetylthio-2-(4~chloroben2yl)-propt- 
onic acid (4.36 g; 47% yield) as oil. 

iH-NMR (200 MHz, CDCta): 5 (ppm): 2.32 (s. 3H); 2.71-3.10 (m, 5H); 7.08-7.28 (m, 4H). 

^ Example 15 

Preparation of N-(2-ethoxvcarbonvl-4-pvrrolyn-3-acetvlthio-2-(4-chlorobenzvO-propanamide (compound 7) 

A solution of 3-acstytthio-2-(4-chlorobenzyl)-propionic acid (4.36 g; 0.016 moles), prepared as described in exam- 
so pie 14, in thionyl chloride (5 ml), in the presence of dimethylfonmamide (2 drops), was kept at room temperature and 
under nitrogen atmosphere for 24 hours. 

After that, the excess of thionyl chloride was removed by azeotropic distillation with toluene. 

Said reaction-mixture was added dropwise at 0**C and under nitrogen atmosphere to a solution of 4-amino-2-ethox- 
ycarbonyl-pyrrole (2.46 g; 0.016 moles) and triethylamine (1.7 g; 0.017 moles) in toluene (40 ml). 
SB After 3 hours at room temperature the reaction mixture was evaporated under vacuum and the residue was col- 

lected with ethyl ether and filtered. 

The solid was crystaiiized- from ethyl acetate: ligroin= 1:2 and N-(2-ethoxycarbonyl-4-pyrrolyl)-3-acetylthio-2- 
(4-chlorobenzyl)-propanamide (3,5 g; 53.5% yield) was obtained. 
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m.p, 141-144'C 

1H-NMR (200 MHz, DMSO-dg) : 5 (ppm); 1.25 (t, 3H); 2.29 (s. 3H); 2.69-3.01 (m, 5H); 4.20 (q. 2H); 6.61 (m, 1H); 
7.11-7.35 (m, 5H); 9.89 (s,.1H); 11.60 (s, 1H). 

5 Example 16 

Preparation of N-f2-ethoxvcartaonvl-4-pvrrolvO-2-f4-chlorobenzvl)-3-meroapto-propanamide (compound 8) 

A solution of triethylamine (0.68 ml; 4.89 mmoles) in methanol (10 ml) was added to a solution of N-(2-ethoxycar- 
10 bonyl-4-pyrrolyl)-3"acetylthio-2-(4-chlorobenzyl)-propanamide (1 g; 2.45 mmoles), prepared as described in example 
15, in methanol (20 ml). 

The reaction mixture was kept under stirring at room temperature for 3 hours, then it was acidified to pH 3 with 
acetic acid and diluted with water (20 ml). 

After extraction with ethyl acetate (3x30 ml), the collected organic phases were dried on sodium sulphate and 
15 evaporated to dryness under vacuum. 

The obtained crude was chromatographed on silica gel (eluent CH2Cl2:CH30H=95;5), further collected with 
CH2Cl2:ligroin=:1 :1 and filtered affording N-(2-ethoxycarbonyM-pyrrolyl)-2-(4-chlorobenzyl)-3-mercapto-propanamide 
(0.63 g; 70% yield). 

m.p. 140-143*'C 
20 Mass (Chemical ionization, isobutane): (ry^++H): 367 

iH-NMR (200 IVIHz. CDCI3) : 5 (ppm): 1.30 (t, 3H); 2.49-3.03 (m. 5H); 4.28 (q, 2H); 6.59 (t, 1H); 7.03-7.24 (m, 5H); 
7.36 (t.lH); 9.09 (bs, IH). 

Example 17 

25 

Preparation of N-(2-carboxv-4-pvfrolvl)-2-f4-chlorobenzvl)-3-mercapto-propanamide (compound 9) 

By working in a way similar to that described In example 10 and by using N-{2-ethoxycarbonyl-4-pyrroIyl)- 
3-acetylthio-2-(4-chlorobenzyl)-propanamide (1 g; 2.45 mmoles), prepared as described in example 15, a crude was 
30 obtained which, chromatographed on silica gel (eluent CH2Cl2:CH3OH:CH3COOH=90:10:1 ) and further collected with 
toluene: ligroin=1:1 and filtered, afforded N-(2-carboxy-4-pyrrolyl)-2-(4-chlorobenzyl)-3-mercapto-propanamide (0.5 g; 
60.2% yield). Mass (Chemical ionization, isobutane): (M++H) : 339 iH-Nf^R (200 MHz, DMSO-de) : 5 (ppm): 2.46-2.86 
(m, 5H); 6.56 (s. IH); 7.11-7.32 (m, 5H); 9.73 (s. 1H); 11.38 (bs, IH). 

35 Example 18 

Preparation of N-f2-ethoxycarbonvl-4-pvrroivl)-3-acetvlthio-2-(3-pvridvlmethvl)-propanamide (compound 10) 

N-hydroxysuccinimide (0.962 g; 8.36 mmoles) and dicyclohexylcarbodiimide (1.72 g; 8.36 mmoles) were added 
40 to a solution of 3-acetytthio-2-(3-pyridylmethyl)-propionic acid (2 g; 8.36 mmotes), prepared as described in example 
8, in dioxane (50 ml). 

The reaction mixture was kept under stirring at room temperature for 2 hours. 

At the end, the fomned precipitate was filtered off and the solution was evaporated to dryness under vacuum. 

The residue was collected with chloroform (20 ml) and the solution was filtered and evaporated to dryness; this 
45 procedure was repeated twice. 

The reskJue, collected again with dioxane (20 ml), was added to a solution of 4-amino-2-ethoxycarbonyl-pyrrole 
(1.29 g; 8.36 mmoles) in dioxane (20 ml). 

The reaction mixture was kept under stirring at room temperature for 16 hours. 

After said time, it was diluted with water (40 ml) and extracted with ethyl acetate (3x30 ml). 
so The collected organic phases were washed twice with water (30 ml), dried on sodium sulphate and evaporated to 

dryness under vacuum affording a crude which was chromatographed on silica gel (etuent CH2Cl2:CH30H=95:5). 

N-{2-ethoxycarbonyl-4-pyrrolyl)-3-acetylthio-2-{3-pyridyimethyl)-propanamide (0.6 g; 19.3% yield) was thus ob- 
tained. 

Mass (Chemical ionization, isobutane): (H++H): 376 
55 1H-NMR (200 MHz, CDCI3): 5 (ppm): 1.23 (t, 3H); 2.30 (s, 3H); 2.74-3.18 (m, 5H); 4.20 (q, 2H); 6.55 (t. IH); 

7.10-7.18 (dd, IH); 7.39 (t, 1H); 7.49 (dt, IH); 8.12 (d. IH); 8.29 (dd, IH); 9.49 (s, IH); 9.71 (bs, IH). 
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Example 19 

Preparation of N-f2H;arboxv-4-pvrrolvlV3-mercapto-2-(3-pvridvlmethvn-prQpanarnide (compound 11) 

A solution of sodium hydroxide (0.1 31 g; 3.28 mmofes) in water (10 ml) was added to a solution of N-<2-ethoxy- 
carbonyl-4-pyrrotyl)-3— acetylthlo-2-(3-pyridylmethyl)-propanamide (0.56 g; 1.49 mmoles), prepared as described In 
example 18. in methanol (10 ml). 

The reaction mixture was kept under reflux for 6 hours and sodium hydroxide (0.065 g; 1 .64 mmoles) was therein 
added again. 

After 1 2 hours at room temperature, methanol was evaporated and the residue was diluted with water (20 ml) while 
pH was brought to 7 by adding sodium bicarbonate. 

The mixture was evaporated to dryness and by chromatography on silica gel (eluent CH2Cl2:CH30H:NH3;79:15: 
1 ) a crude was obtained which, collected with chlorotomn: ethyl ether, afforded N-(2-carboxy— 4-pyrrofyl)-3-mercapto- 
2-(3-pyridylmethyl)-propanamide (80 mg; 17.6% yield). 

m.p. 85-90* C 

1H-NMR (200 MHz, DMSOKde): 5 (ppm): 2.55-2.89 (m, 5H); 6.49 (m, 1H); 7.09 (m, 1 H); 7.20-7.30 (dd, 1H); 
7.51-7.60 (dd, 1 H); 8.36 (d. 2H); 9.82 (s, 1H); 11.23 (bs, 1H). 

Example 20 

Preparation of ethyl 2-diethoxvphosphinvl-3-(3-methoxvphenvn-propionate 

By working in a way similar to that described in example 11 and by using ethyl diethoxyphosphinylacetate (59 g; 
0.26 moles), sodium hydride at 60% (9.33 g; 0.233 moles) and 3-methoxybenzyl chloride (20.62 g; 0.1 3 moles), ethyl 
2-diethoxyphosphinyl-3-(3Hmethoxyphenyl)-propionate (34 g; 76% yield) was obtained. 

iH-NMR (200 MHz, CDCI3): 5 (ppm): 1.12 (t, 3H); 1.32 (t, 6H); 3.10-3.32 (m, 3H); 3.75 (s, 3H); 4.08-4.22 (m, 6H); 
6.69-6.78 (m, 3H); 7.10-7.22 (m, 1H). 

Example 21 

Preparation of ethyl 2-(3-methoxvbenzvn-acrvlate 

By working in a way similar to that described in example 12 and by using ethyl 2-diethoxyphosphinyl-3-(3-meth- 
oxyphenyl)-propionate (34 g; 0,0987 moles), prepared as described in example 20, ethyl 2-(3-methoxybenzyl)-acrylate 
(21 .5 g; 98.9% yield) was obtained. 

1H-NMR (200 MHz. CDCI3): 5 (ppm): 1.25 (t, 3H); 3.69 (s, 2H); 3.77 (s. 3H); 4.17 (q, 2H): 5.45 (d, 1H); 6.21 (s, 
1H); 6.70-a80 (m. 3H); 7.14-7.23 (m, 1H). 

Example 22 

Preparation of 2-(3-methoxvbenzvl)-propenoic acid 

By working in a way similar to that described in example 13 and by using ethyl 2-(3-methoxybenzyl)-acrylate (10 
g; 0.0454 moles), prepared as described in example 21, 2-(3-methoxybenzyt)-propenoic acid (7 g; 80.2% yield) was 
obtained. 

1H-NMR (200 MHz. CDCI3): 3 (ppm): 3.59 (s, 2H): 3.78 (s, 3H); 5.58 (d. 1H); 6.37 (s. 1H); 6.72-6.81 (t, 3H); 
7.16-7.25 (m, 1H). 

Example 23 

Preparation of 3-acetvlthio-2-(3-methoxvbenzvl)-propionic acid 

By working in a way similar to that described in example 14 and by using 2-(3-methoxybenzyl)-propenoic acid (6.2 
g; 0.0323 moles), prepared as described in example 22, a crude was obtained which, chromatographed on silica gel 
(eluent hexane:ethyl acetate=1:1), afforded 3-acetylthio-2-(3-methoxybenzyl)-propionic acid (3.5 g; 40.4% yield). 

iH-NMR (200 MHz, C00\^): 5 (ppm): 2.32 (s, 3H); 2.77-3.13 (m, 5H); 3.78 (s, 3H); 6.65-6.78 (m, 3H); 7.12-7.22 
(m, 1H), 
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Example 24 

Preparation of N-f2-9thoxvcarbonvl-4-pvrrolvn-3-acetvlthio-2-f3-methoxvbenzvlVpropanamide (compound 1 2) 

5 By working in a way similar to tliat described in example 15 and by using 3-acetyltliio-2-(3-methoxybenzyl)-propi- 

onic acid (3.9 g; 0.01 45 moles), prepared as described in example 23. thionyt chloride (1 .3 m I) and asolution of 4-amino- 

2- ethoxycarbonyl-pyrrole (2.24 g; 0.0145 moles) In pyridine (200 ml), a crude was obtained which, chromatographed 
on silica gel (eluent ligroin:ethyl acetate=7:3) and further crystallized from ligroin:ethyl acetate=1:1, afforded N-(2- 
ethoxycarbonyl-4-pyrrolyl)-3-acetylthio-2-(3-methoxybenzyl)-pro-panamide (2 g; 34% yield). 

10 1H-NMR (200 IWHz, CDCIg): 5 (ppm): 1.30 (t, 3H); 2.30 (s, 3H); 2.62-3.18 (m, 5H); 3.70 (s, 3H); 4.27 (q, 2H); 6.52 

(dd. 1H); 6.65-6.77 (m, 3H): 7.06-7.23 (m, 2H); 7.37 (dd. 1H); 8.95 (bs. 1H). 

Example 25 

IS Preparation of N-f2-carboxv-4-pvrrolvn-3-mercapto-2-f3-methoxvbenzvn-propanamide (compound 13) 

By working in a way similar to that described in example 17 and by using N-(2-ethoxycarbonyl-4-pyrrolyl)- 

3- acetylthio-2-(3-methoxybenzyl)-propanamide (0.98 g; 2.42 mmoles), prepared as described in example 24, a crude 
was obtained which, chromatographed on silica gel (eluent CH2Cl2:CH3OH:CH3COOH:90:10:l) and collected with 

20 ligroin:ethyl acetate=1:1 afforded N-(2-carboxy-4-pynrolyl)-3-mercapto-2-(3-methoxybenzyl)-propanamide (0.520 g; 
64.2% yield) as white solid, 
m.p. 153-158'C 

Mass (Chemical Ionization, isobutane): (H++H); 335 

1H-NMR (200 MHz, DMSO-de): 6 (ppm): 2.46-2.89 (m. 5H); 3.65 (s. 3H); 6.53 (m, 1H); 6.72 (m, 3H); 7.10-7.20 
25 (m. 2H); 9.83 (s, 1 H); 11 .32 (bs, 1H). 

Example 26 

pharmacological acttvity 

30 

a) In vitro NEP-inhibitory activity 

The NEP-inhibitory activity In vitro was evaluated according to the method reported in the literature by C. Liorens 
et al., Eur. J: Phamnacol.. 69, (1981), 113-116. 
35 Membranes from kidney cortex were prepared according to the following procedure. 

By working at 0-4'C the kidneys were removed from killed male Sprague-Dawley rats weighing approximately 300 

■ g- . 

Cortex was carefully dissected, finely minced and suspended In homogenization buffer (10 mM sodium phosphate 
pH 7.4 containing 1 mM MgCl2. 30 mM NaCI, 0.02% NaNa) 1:15 weight/volume. 
40 The tissue was then homogenized for 30 seconds using an Uttra-Turrax homogenizer. 

Approximately 10 ml of homogenate were layered over 1 0 ml of sucrose (41 % weight/Volume) and centrifuged at 
31200 rpm for 30 minutes at 4'*C in a fixed angle rotor. 

The membranes were collected from the buffer/sucrose interface, washed twice with 50 mM TRIS/HCI buffer (pH 
7.4) and resuspended into the same buffer for storage. 
45 The membranes were stored in small aliquots at -80"C until use. The NEP-inhibitory activity was evaluated by 

using the following method. 

Aliquots of the membrane suspension prepared as above described (concentration 5 ^g/m! of proteins) were pre- 
Incubated in the presence of an aminopeptidase Inhibitor (Bestatin - 1 mM) for 10 minutes at 30'*C. 

pH][LeuSl-enkephaline (15 nM) and buffer TRIS/HCI pH 7.4 (50 mH) were added In order to obtain a final volume 

so oflOOfil. 

Incubation (20 minutes at 30°C) was stopped by adding 0.1 M HCI (100 jil). 

The formation of the metabolite pH]Tyr-Gly-Gty was quantified by chromatography on polystyrene columns (Po- 
rapak Q). 

The percentage of Inhibition of the metabolite formation in the membrane preparations treated with the compounds 
S5 of formula I and the reference compounds in comparison to the untreated membrane preparations was expressed as 
IC50 value (nM). 

The used reference compounds were: 
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N-(3-mercapto-2-benzyl-1 -oxo-propyl)glycine (thiorphan) 
N-(3-carboxyphenyi)-3-nnercapto-2-benzyl-propananiide (compound R-1 ) . 
N-(4-carboxymethyl-2-thia2olyl)-3-mercapto-2-benzyl-propanamide (compound R-2). 

b) In vitro ECE-inhibitory activity 

The ECE-inhibltory activity in vitro was evaluated according to the method reported in the literature by M. Auget 
et aL, Eur. J. Pharmacol.. 224, (1992), 101-102. 

Male New Zealand rabbits (2.5-3 Kg) were sacrificed with an excess of pentobarbital and blood was drawn. 

The left saphenous artery was removed and cleaned of the surround ing tissue, cut into 2-3 mm lenght rings and 
suspended in 25 ml baths containing Krebs-Henseleit solution at 37° C and oxygenated with O2 containing 5% CO2. 
This solution was composed of (mM); NaCI, 118; KCI, 4.7; Cacia, 2,5; KH2PO4. 1 .2; HgS04, 1 .2; NaHCOg, 2.5; glucose, 
11. TTie preparations were kept under ten-sion and readjusted to 1 g during the equilibration period (1 hour). 

After said period, the preparations were exposed to a submaximal concentration of norepinephrine 1 p.M which 
was repeated every 30 minutes until the response was stable. A concentration of acetylcholine 10^M on the contraction 
of norepinephrine verified the presence of the endothelium. 

After 30 minutes from the last contraction due to norepinephrine, a concentration of human Big endothelin 3x1 O^M 
was administered. 

After reaching the plateau the preparations were washed for 30 minutes and a concentration 1 ^iM of the compound 
to be tested or of its vehicle was administered keeping it in contact for 30 minutes, after that a concentration of Big 
endothelin 3x10-2m was administered again. The percentage of ECE -inhibition was expressed as IC50 value (nM). 

The values of NEP-inhibitory activity and ECE-inhibitory activity for some representative compounds of formula I 
are reported in the following table 1. 



Table 1 

NEP-irxhibitory activity expressed as ICao value (nM) of the 
compounds 2, 4, 6, 9 and 13 in conoparison to thiorphan, compound 
R-1 and compound R-2 and ECE-inhibitory activity expressed as 
ICao value (nM) of the above mentioned compounds in comparison to 
phosphoramidon. 
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-Cocnpound 
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X \t BO ^ nn ^ 
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O.J 




R-1 


J • 1 ^ 




R-2 


a o 
d.o 




phosphoramidon 




50 


compound 2 


1.5 


2 


compound A 


2.1 


2 


compound 6 


12.6 


1 


compound 9 


2.7 




compound 13 


5.0 


3 



The results reported in table 1 clearly show that the compounds of formula I, object of the present invention, are 
endowed with both NEP-inhibitory activity and ECE-inhlbitory activity. 

In particular, the NEP-inhlbitory activity of the compounds of formula I is substantially comparable with that of the 
reference compounds and the ECE-inhibttory activity is significantly greater than that of phosphoramidon, 

Ctafms 

1 . A compound of formula 

CHa-Ri 
1 

R-CHa-CH-C-NH-Het-(CHa)n-Ra (I) 

II 

0 

wherein 

R is a mercapto group or an R3COS group convertible into the organism to the mercapto group; R3 is a C-1-C4 
alkyi group; 

R^ is a hydrogen atom, a phenyl group or a 5 or 6 membered heterocycle containing 1 or 2 heteroatoms selected 
among nitrogen, oxygen and sulphur, optionally substituted by one or two groups selected among C1-C4 alkyI 
or alkoxy groups, hydroxy, halogen and trifluoromethyl groups; 

R2 is a carboxylic group or a COOR4 or 



Re 

corl-R, 
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10 



40 



SO 



group convertible into the organism to the carboxylic group; 1=14 is a C-,-C4 alkyl group or a phenylalkyi having 
from 1 to 4 carbon atoms in the alkyl moiety; R5 and Rg, the same or different, are hydrogen atoms, C1-C4 
aikyi or C5-C7 cycloaikyi groups; 
n is 0 or 1 ; 

Het is a S-membered heterocycle of formula 



wherein X is an oxygen or sulphur atom or an NH group; R7 is a hydrogen atom, a C1-C4 alkyl group or phenyl 
optionally substituted by Ci -C4 alkoxy groups; 

and Its pharmaceutical ly acceptable salts, 

2. A compound according to claim 1 wherein R Is a mercapto group or an RgCOS group wherein R3 is methyl; R2 is 
20 a carboxylic group.' 

3. A compound according to claim 1 wherein R is a mercapto group or an R3COS group wherein R3 is methyl; R2 is 
a carboxylic group; is phenyl or pyridyl, optionally substituted by a O^-C^ alkyl or alkoxy group or by a halogen 
atom and Het is a heterocycle of formula 



wherein X is an oxygen or sulphur atom or an NH group and R7 is a hydrogen atom. 

35 4. A pharmaceutical composition containing a therapeutically effective amount of one or more compounds of formula 
I in admixture with a carrier for pharmaceutical use. 



Patentanspruche 

1. Eine Verbindung der Formel 



I (I) 
R-CHa-CH-C-NH-Het- ( CHa )r.-Ra 

O 



R eine Mercaptogruppe oder eine im Organ ism us in die Mercaptogruppe umwandelbare RaCOS-Gruppe be- 
deutet; R3 fur eine C^-C4-Alkylgruppe steht; 
5^ Ri fur ein Wasserstoffatom, eine Phenylgruppe oder einen 5 oder 6 gliedrigen Heterocyclus steht. gegebenen- 

falls substituiert durch eine oder zwei Gruppen, die aus Ci-C4-Alkyl oder Alkoxygruppen, Hydroxyl-. Halogen- 
und Trifluormethylgruppe(n) ausgewahtt sind. wobei der Heterocyclus 1 oder 2 Heteroatome enthalt. die aus- 
gewahlt sind aus Stickstoff, Sauerstoff und Schwefel; 
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R2 eine Carboxylgruppe Oder eine im Organismus in die Carboxylgruppe umwandelbare COOR4- oder 

CON-Rg- 

Gruppe bedeutet, 1=^ fur eine Ci-C4-AlkylgruppG oder PhenylalkyI stelit, welches im Alkylresi 1 bis 4 Kohlen- 
stoffatome besitzt; R5 und Rg gleicli oder verschieden sind und Wasserstoff, Ci-C4-Alkyi- oder Cs-Cy-Cyclo- 
10 alkylgruppen bedeuten; 

n fur Coder 1 steht; 

Het einen 5-gliedrigen Heterocycius der Formel 



35 



bedeutet, worin X fur ein Sauerstoff- oder Schwefelatom steht oder eine NH-Gruppe bedeutet; R7 fur ein 
Wasserstoffatom, eine C-,-C4-Alkylgruppe oder ein Phenyl, gegebenenfalls durch CTC4-Alkoxygruppen sub- 
stituiert. 

25 2- Eine Verbindung gemaB Patentanspruch 1, worin R eine Mercaptogruppe oder eine RgCOS-Gruppe bedeutet, 
worin R3 fur MeXhyi steht; R2 eine Carboxylgruppe bedeutet. 

3. Eine Verbindung gemaG Patentanspruch 1 , worin R fur eine Mercaptogruppe oder eine RsCOS-Gruppe steht, 
worin R3 l\^ethyl bedeutet; Rg eine Carboxylgruppe bedeutet; Ri fur Phenyl oder Pyridyl steht, gegenenfalls sub- 
30 stituiert durch eine Ci-C4-Alkyl- oder Alkoxygruppe oder durch ein Halogenatom, und Het einen Heterocycius der 

Fornnel 



40 bedeutet, worin X fur ein Sauerstoff- oder Schwefelatom steht oder eine NH-Gruppe bedeutet und R7 fur ein Was- 

serstoffatom steht. 

4. Eine phamiazeutische Zusammensetzung enthaitend eine therapeutisch wirksame Menge elner oder mehrerer 
Verbindungen der Formel I vermischt mit einem Tragerfur pharmazeutlsche Anwendung. 

45 

Revendlcations 

1. Compose de formule : 



R-CHa-CH-C-NH-Hex-(CH-,)«-Ra 

II 
0 



17" 



EP 0 636 621 B1 



dans laquelle : 

R est un groupe mercapto ou un groupe RsCOS convertible dans Torganisme en groupe mercapto, R3 est un 
groupe alkyle en C1-C4 ; 

R^ est un atome d'hydrogdne, un groupe ph^nyle ou un h6terocycle pentagonal ou hexagonal contenant 1 ou 
2 h^teroatomes choisis pamrti Tazote, I'oxygdne et le soufre, eventuellement substitue par un ou deux groupes 
choisis parmi les groupes alkyle et alcoxy en C1-C4 et les groupes hydroxy, halogene et trifluoromethyle ; 

R2 est un groupe carboxyllque ou un groupe COOR4 ou 

CON-Rg 

convertible dans I'organisme en groupe carboxylique, R4 est un groupe alkyle en C1-C4 ou un groupe phe- 
nylaikyle comportant de 1 a 4 atomes de carbone dans le fragment alkyle, R5 et R©, identlques ou differents, 
sont des atomes d'hydrogene ou des groupes alkyle en C-^-C^ ou cycloalkyle en C^-Cy, 
n est Sgal ^ 0 ou 1 ; 

Het est un h6t6rocycle pentagonal de fomnule : 




dans laquelle X est un atome d'oxygene ou de soufre ou un groupe NH, R7 est un atome d'hydrogene, un 
groupe alkyle en C^~C^ ou un groupe phenyle eventuellement substitue par des groupes alcoxy en C-,-C4 ; 

et ses sels pharmaceutiquement acceptables. 

Compose suivant la revendication 1, dans lequel R est un groupe mercapto ou un groupe R3COS dans lequel R3 
est du methyte et R2 est un groupe carboxylique. 

Compost la revendication 1 , dans lequel R est un groupe mercapto ou un groupe R3COS dans leque! R3 est du 
m^thyle, R2 est un groupe carboxylique, R^ est un groupe phenyle ou pyridyle, Eventuellement substitud par un 
groupe alkyle ou alcoxy en C-,-C4 ou par un atome d'hatog^ne et Het est un het6rocycle de formule : 



R-r 




dans laquelle X est un atome d'oxygene ou de soufre ou un groupe NH et R7 est un atome d'hydrogene. 

Composition phannaceutique contenant une quantite therapeutiquement efficace d'un ou plusieurs composes de 
formule I en melange avec un support pour utilisation pharmaceutique. 



